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METHOD AND APPARATUS FOR FASTENING STEEL FRAMING WITH NAILS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional

Application Nos. 60/299,931, filed June 21, 2001, 60/299,954, filed June 21,

2001
,
60/299,899, filed June 21 , 2001 , and 60/299,903, filed June 21 , 2001

.

FIELD OF THE INVENTION

[0002] The present invention relates generally to steel framing and,

more particularly, to an improved cost-effective method for fastening steel

framing.

BACKGROUND OF THE INVENTION

[0003] Steel framing is revolutionizing the construction industry. Steel

is a high quality framing material that will not shrink, warp, or attract termites and

other wood boring insects. In recent years, the price of steel has become more

competitive with wood and other construction materials. However, despite its

advantages, steel framing has not become prevalent in the residential

construction industry. The lack of a quick and cost effective technique for

fastening steel framing members has prevented steel framing from emerging as

the predominant building material in residential construction.

[0004] Therefore, it is desirable to provide a quick and cost-effective

technique for fastening steel members. It is envisioned that the steel fastening
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technique will be comparable in speed to an air nailer used to fasten wood

materials. It is further envisioned that the steel fastening technique will provide a

minimal gap between steel framing members, a pullout force of at least 216 lb., a

shear force of at least 164 lb., as well as cause minimal destruction of any

galvanize coating on the steel framing members.

SUMMARY OF THE INVENTION

[0005] The present invention discloses various nails and techniques

that can be used to fasten two or more framing members together and provide

the required strengths discussed above.

[0006] In a first aspect in accordance with the present invention, a

harpoon nail is disclosed. The harpoon nail has two or more sets of teeth on

opposite sides and a slot that allows fingers to twist or compress so that the sets

of teeth can engage a bottom surface of adjacent framing members and fasten

the framing members together.

[0007] In a second aspect in accordance with the present invention, a

piercing nail having deformable ears is disclosed. Piercing nail has sets of teeth

on edges that separate interior and exterior surfaces of piercing nail and form

ears. The ears can resiliently deform as the piercing nail penetrates through

framing members and spring out after passing through the framing members to

facilitate engagement of teeth with a bottom surface of adjacent framing

members to fasten the framing members together.
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[0008] In a third aspect in accordance with the present invention, a

piercing nail with spring member is disclosed. The piercing nail has one or more

spring members that deform as the spring member passes through adjacent

framing members and expands after exiting the framing members. The spring

members engage with a bottom surface of the framing members and fastens the

framing members together.

[0009] In a forth aspect in accordance with the present invention, a

self-locking nail is disclosed. The self-locking nail has two members with

elongated portions, angular portions and flange portions. As the self-locking nail

penetrates through adjacent framing members the angular portions move toward

each other and cause the elongated portions to separate and engage the framing

members and fastens the framing members together.

[0010] Further areas of applicability of the present invention will

become apparent from the detailed description provided hereinafter. It should be

understood that the detailed description and specific examples, while indicating

the preferred embodiment of the invention, are intended for purposes of

illustration only and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will become more fully understood from

the detailed description and the accompanying drawings, wherein:
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[0012] Figure 1 is a fragmentary perspective view of a steel framing

member having two additional steel framing members fastened thereto with

harpoon nails in accordance with the present invention;

[0013] Figure 2 is a top view of a first preferred embodiment of a

harpoon nail in accordance with the present invention;

[0014] Figures 3 and 4 are side views of the first preferred embodiment

of the harpoon nail in accordance with the present invention;

[0015] Figure 5 is a fragmentary side view of the harpoon nail of Figure

4 illustrating the teeth formed along the stem section in accordance with the

present invention;

[0016] Figure 6 is a cross-sectional view, taken along line 6-6 of Figure

1, illustrating the first embodiment of the harpoon nail driven through two steel

members in accordance with the present invention;

[0017] Figures 7 and 8 are side views of a second preferred

embodiment of the harpoon nail in accordance with the present invention;

[0018] Figure 9 is a fragmentary side view of the harpoon nail of Figure

7 illustrating the teeth formed along the stem section in accordance with the

present invention;

[0019] Figure 10 is a cross-sectional view, taken along line 6-6 of

Figure 1, illustrating the second preferred embodiment of the harpoon nail driven

through two steel members in accordance with the present invention;

[0020] Figure 1 1 is a side view of a third preferred embodiment of the

harpoon nail in accordance with the present invention;
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[0021] Figure 12 is a fragmentary perspective view of a steel framing

member have two additional steel framing members fastened thereto by a

piercing nail in accordance with the present invention;

[0022] Figure 13 is a top view of an exemplary piercing nail in

accordance with the present invention;

[0023] Figure 14 is a top view of a plurality of piercing nails nested

together in accordance with the present invention;

[0024] Figure 15 is a perspective view of the piercing nail in

accordance with the present invention;

[0025] Figure 16 is a side view of the piercing nail illustrating the

staggered teeth design in accordance with the present invention;

[0026] Figure 17 is a cross-sectional view, taken along lines 17-17 of

Figure 12, illustrating the piercing nail driven through two steel framing members

in accordance with the present invention;

[0027] Figure 18 is a fragmentary perspective view of a steel framing

member having two additional steel framing members fastened thereto by a

piercing nail with a spring member in accordance with the present invention;

[0028] Figure 19 is a perspective view of a first preferred embodiment

of a piercing nail with a spring member in accordance with the present invention;

[0029] Figures 20A and 20B are a side view and a top view of piercing

nail of Figure 19;
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[0030] Figure 21 A is a cross-sectional view, taken along line 21-21 of

Figure 18, illustrating the first preferred embodiment of the piercing nail with a

spring member partially piercing through two steel framing members;

[0031] Figure 21 B is a cross-sectional view, taken along line 21-21 of

Figure 18, illustrating spring fingers of the first preferred embodiment of the

piercing nail with spring member engaging the underside of one of the steel

framing members;

[0032] Figure 22 is a side view of a second preferred embodiment of a

piercing nail with spring member in accordance with the present invention;

[0033] Figure 23A is a bottom view of the second preferred

embodiment of the piercing nail with spring member in accordance with the

present invention;

[0034] Figure 23B is a bottom view of a variation of the second

preferred embodiment of the piercing nail with spring member in accordance with

the present invention;

[0035] Figure 23C is a bottom view of yet another variation of the

second preferred embodiment of the piercing nail with spring member in

accordance with the present invention;

[0036] Figure 24 is a cross-sectional view, taken along line 21-21 of

Figure 18, illustrating the second preferred embodiment of the piercing nail with

spring member partially piercing through two steel framing members;
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[0037] Figure 25 is a cross-sectional view, taken along line 21-21 of

Figure 18, illustrating spring fingers of the second preferred embodiment of the

piercing nail with spring member engaging the steel framing members;

[0038] Figure 26 is a side view of a third preferred embodiment of a

piercing nail with spring member in accordance with the present invention;

[0039] Figure 27 is a cross-sectional view, taken along line 21-21 of

Figure 18, illustrating spring fingers of the third preferred embodiment of the

piercing nail with spring member engaging the underside of one of the steel

members in accordance with the present invention;

[0040] Figure 28 is a cross-sectional view, taken along line 21-21 of

Figure 18, illustrating a press washer disposed on the shaft of the third preferred

embodiment of the piercing nail with spring member in accordance with the

present invention;

[0041] Figure 29 is a cross-sectional view, taken along line 21-21 of

Figure 18, illustrating further expansion of the spring fingers of the third preferred

embodiment of the piercing nail with spring member engaging the underside of

one of the steel framing members in accordance with the present invention;

[0042] Figure 30 is a fragmentary perspective view of a steel framing

member having two additional steel framing members fastened thereto by a self-

locking nail in accordance with the present invention;

[0043] Figure 31 is a side view of a first preferred embodiment of a

self-locking nail in accordance with the present invention;
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[0044] Figures 32 and 33 are cross-sectional views, taken along line

32-32 of Figure 30, illustrating the self-locking nail of Figure 31 partially piercing

through two steel framing members;

[0045] Figure 34 is a cross-sectional view, taken along line 32-32 of

Figure 30, illustrating the flange portions of the self-locking nail of Figure 31

partially driven against the outer surface of the framing members in accordance

with the present invention;

[0046] Figure 35 is a side view of a second preferred embodiment of a

self-locking nail in accordance with the present invention;

[0047] Figure 36 is a cross-sectional view of the self-locking nail of

Figure 35, taken along line 36-36;

[0048] Figure 37 is a cross-sectional view, taken along line 32-32 of

Figure 30, illustrating the self-locking nail of Figure 35 partially piercing through

two steel framing members;

[0049] Figure 38 is a cross-sectional view, taken along line 32-32 of

Figure 30, illustrating the self-locking nail of Figure 35 fastening two steel framing

members together; and

[0050] Figure 39 illustrates a driving force applying device with an

integral backing plate that can be used to provide an driving force to the nails in

accordance with the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0051] The following description of the different aspects and preferred

embodiments of the present invention is merely exemplary in nature and is in no

way intended to limit the invention, its application, or uses.

[0004] Referring to Figures 1 , 12, 18 and 30, a fragmentary perspective

view of a longitudinal steel framing member 12 having two upright steel framing

members 14 and 16 fastened thereto is shown. Each C-shaped framing member

includes a bottom wall and two side walls having a thickness in the range from

0.018" to 0.071". Additionally, each framing member may range from 33 ksi to 80

ksi as is well known in the art. As will be more fully described below, one or

more fasteners 20 may be used to join the upright framing members 14 and 16 to

the longitudinal steel framing member 12. While the following description is

provided with reference to this particular configuration, it is readily understood

that the fastening techniques of the present invention are applicable to any two or

more adjacent members made of steel or other material having similar attributes

to those of steel.

[0052] In accordance with a first aspect of the present invention,

fasteners 20 are harpoon nails 22. A first preferred embodiment of harpoon nail

22 of the present invention is shown in Figures 2-6. One or more harpoon nails

22 may be used to fasten together the framing members. Harpoon nail 22 has

axially opposite first and second ends 24 and 26. First end 24 has a tip 28 and

second end 26 has a head 30. A stem section 32 extends axially between head
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30 and tip 28. A slot 34 extends axially from second end 26 toward first end 24

along a substantial portion of an axial length of nail 22. Slot 34 separates head

and stem sections 30 and 32 to form first and second finger members 36 and 38.

Finger members 36 and 38 are elastic and/or resilient so that they can be flexed

into different orientations and have a tendency to return to their original

orientation, as will be described in more detail below. First and second sets of

teeth 40 and 42 are located on the respective first and second finger members

36 and 38.

[0053] Finger members 36 and 38 have opposite first and second

surfaces 44 and 46 that are separated by inner and outer side walls 48 and 50.

Inner side walls 48 of first and second finger members 36 and 38 face one

another and define slot 34. First and second surfaces 44 and 46 on each finger

member 36 and 38 extend between the inner and outer side walls 48 and 50 and

define a width of each finger member 36 and 38. Inner and outer side walls 48

and 50 define a thickness of finger members 36 and 38.

[0054] As can best be seen in Figure 3, slot 34 has a narrow section 52

where inner side walls 48 are generally parallel, an expanding section 54 where

inner side walls 48 expand radially outwardly as side wall 48 extends from

narrow section 52 toward tip 28, and a wide section 56 with a curved end that

defines the joining of inner side walls 48 of first and second finger members 36

and 38. Slot 34 allows finger members 36 and 38 to push radially inwardly

towards one another as nail 22 is inserted through the framing members. Slot 34

also allows finger members 36 and 38 to be twisted relative to one another to
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facilitate the insertion of nail 22 through the framing members without engaging

with first and second sets of teeth 40 and 42, as will be described in more detail

below.

[0055] As shown in Figure 3, second set of teeth 42 extend along

second surface 46 a portion of the width of second finger member 38 adjacent

inner side wall 48. Likewise, first set of teeth 40 extend along first surface 44 a

portion of the width of first finger member 36 adjacent inner side wall 48.

[0056] Referring now to Figure 5, details of the teeth that comprise the

sets of teeth 40 and 42 can be seen. The teeth are formed from axial sections

60 and radial sections 62. Axial sections 60 are angled relative to an axial axis

64 so that axial sections 60 are not parallel to axial axis 64. Axial sections 60

and radial sections 62 are substantially perpendicular to one another. Each tooth

66 of the sets of teeth 40 and 42 has leading edge 68 that is defined by an

intersection of an axial section 60 and a radial section 62. Leading edge 68 is

preferably sharp so that leading edge 68 can grip the framing members and

inhibit removal of nail 22, as will be described in more detail below. Teeth 66 are

axially spaced from head 30 varying distances to accommodate varying

thicknesses of the framing members. That is, by having teeth 66 located at

varying distances, the pull out distance or "play" can be minimized. The pull out

distance or play is defined as the difference between the combined thickness of

the framing members and the distance between a bottom surface of head 30 and

the tooth 66 that engages with an opposite side of the framing members.

Preferably, the teeth 66 are spaced axially at distances that accommodate
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various standardized thicknesses and combinations of framing members of these

various thicknesses while minimizing the pull out or play. To increase the

frequency at which a tooth 66 occurs at a unique axial distance from head 30,

first set of teeth 40 can be staggered from second set of teeth 42 so that each

tooth 66 of first and second sets of teeth 40 and 42 occurs at a unique axial

distance from head 30.

[0057] As can best be seen in Figures 2 and 4, first and second finger

members 36 and 38 are substantially coplanar at tip 28 and offset at head 30.

The offset of first and second finger members 36 and 38 at head 30 allow finger

members 36 and 38 to be twisted relative to one another to be generally coplanar

for insertion through the framing members without first and second sets of teeth

40 and 42 engaging the framing members during insertion. The elastic or

resilient nature of the finger members 36 and 38 will cause the finger members

36 and 38 to attempt to return to their offset state when the force twisting them to

be generally coplanar is removed.

[0058] Head 30 has a generally flat surface 70 to facilitate application

of a driving force on nail 22. Head 30 is configured to be driven by an air nailer

or other well known ram-type devices, such as the one shown in Figure 39. Tip

28 comes to a point 72 that is configured to facilitate piercing the framing

members so that nail 22 can penetrate through the framing members in response

to the driving force.

[0059] Operation of nail 22 to fasten framing members together will

now be described. Tip 28 of nail 22 is positioned adjacent an outer surface 74 of
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two or more adjacent framing members. For example, tip 28 can be positioned

adjacent framing member 12 which is adjacent framing member 14. A driving

force is applied to head 30 to cause tip 28 and stem 32 to penetrate through

framing members 12 and 14. Concurrently with applying the driving force, first

and second finger members 36 and 38 are twisted relative to one another so that

finger members 36 and 38 are generally coplanar at head 30. The twisting of

finger members 36 and 38 can be accomplished by passing nail 22 through a

guide or channel as nail 22 is penetrating framing members 12 and 14, or by

other mean as will be apparent to those skilled in the art. Nail 22 is inserted

through framing members 12 and 14 until head 22 contacts outer surface 74 of

framing member 12. The shape of head 30 prevents head 30 from passing

through framing members 12 and 14 in response to the driving force. Because

the finger members 36 and 38 are twisted relative to one another to be generally

coplanar during the insertion process, sets of teeth 40 and 42 do not engage with

inner surfaces 76 of framing members 12 and 14 during the insertion process.

After nail 22 has been inserted through framing members 12 and 14, finger

members 36 and 38 are released so that they have a tendency to return to their

original offset state. The attempt of finger members 36 and 38 to return to their

offset state causes one or both of first and second sets of teeth 40 and 42 to

engage a bottom surface 78 of framing member 14. Engagement of first and/or

second set of teeth 40 and 42 with bottom surface 78 inhibits removal of nail 22

and holds steel framing members 12 and 14 between head 30 and first and/or
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second sets of teeth 40 and 42. Thus, nail 22 can be used to fasten two or more

framing members together.

[0060] Referring now to Figures 7-10, a second preferred embodiment

of a harpoon nail 22' in accordance with the present invention is shown. Nail 22'

is similar to nail 22 previously discussed. Therefore, features and components of

nail 22' that are the same as those in nail 22 will not be discussed.

[0061] Nail 22' has first and second finger members 36'and 38' that are

substantially coplanar from tip 28' to head 30\ First and second sets of teeth 40'

and 42' are located on outer side walls 50' of respective first and second finger

members 36' and 38'. The first and second sets of teeth 40' and 42' extend

along a portion of outer side walls 50' of respective first and second finger

members 36' and 38'.

[0062] As can be seen in Figure 7, each tooth 66' on first set of teeth

40' are offset or staggered from each tooth 66' on second set of teeth 42'. That

is, each tooth 66' of first and second sets of teeth 40' and 42' is located at a

unique axial distance relative to head 30. The staggering of teeth 66' of first and

second sets of teeth 40' and 42' enables nail 22 to securely fasten framing

members of various thicknesses between head 30' and one of the teeth 66' of

the first or second sets of teeth 40' and 42' with a minimal pull-out distance or

"play." Preferably, each tooth 66' is staggered to accommodate fastening

together of framing members 12 and 14 of various standardized thicknesses.

[0063] In use, nail 22' is positioned with tip 28' adjacent two or more

adjacent framing members and a driving force is applied to head 30'. The driving
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force causes tip 28' to penetrate through framing members 12 and 14. As stem

32' passes through framing members 12 and 14, the resistance of inner surfaces

76 of framing members 12 and 14 to be spread apart by nail 22' pushes first and

second finger members 36' and 38' toward one another and narrows slot 34'.

When head 30' is in contact with outer surface 74 of framing member 12, the

shape and configuration of head 30 prevents nail 22 from penetrating further

through framing members 12 and 14. The driving force is then removed and first

and second finger members 36' and 38' attempt to return to their original state

and teeth 66' on first and/or second sets of teeth 40' and 42' engage outer

surface 78 of framing member 14. The engagement of first and/or second sets of

teeth 40' and 42' with framing member 14 inhibits removal of nail 22' and fastens

framing members 12 and 14 together between head 30' and first and/or second

sets of teeth 40' and 42'.

[0064] Referring now to Figure 11, a third preferred embodiment of

harpoon nail 22" in accordance with the present invention is shown. Nail 22" is

substantially similar to nails 22 and 22'. Therefore, similar features and

components will not be discussed.

[0065] Nail 22" is essentially nail 22 with the addition of teeth along

outer side walls 50" of first and second finger members 36" and 38".

Specifically, a third set of teeth 80 are located along a portion of outer side wall

50" of first finger member 36" and a fourth set of teeth 82 are located along a

portion of outer side wall 50" of second finger member 38". Third and fourth sets

15



Attorney Docket No. 0275Y-000625/COC

of teeth 80 and 82 are identical to first and second sets of teeth 40' and 42' of

nail 22' shown in Figures 7-10.

[0066] In operation, nail 22" is positioned with tip 28" adjacent two or

more adjacent framing members 12 and 14. A driving force is applied to head

30" to force nail 22" to penetrate through framing members 12 and 14. Finger

members 36"and 38" are twisted relative to one another to be generally coplanar

while nail 22" is being inserted through framing members 12 and 14. When head

30" is in contact with outer surface 74 of framing member 12, the driving force is

removed and first and second finger members 36"and 38" are allowed to attempt

to return to their original offset state. The attempt of first and second finger

members 36" and 38" to return to their offset state causes first and/or second

sets of teeth 40" and 42" to engage outer surface 78 of framing member 14.

Concurrently, third and/or fourth sets of teeth 80 and 82 also engage outer

surface 78 of framing member 14. Engagement of first and/or second and third

and/or fourth sets of teeth 40", 42", 80 and 82 inhibit removal of nail 22" from

framing members 12 and 14 and secures framing members 12 and 14 between

head 30" and sets of teeth 40", 42", 80 and 82.

[0067] When nails 22, 22' and 22" are driven with an air nailer or ram-

type device, such air nailer 90, shown in Figure 39, depending upon the speed at

which the device can drive nails 22, 22' and 22", a support for bottom surface 78

of framing member 14 may be needed. Preferably, the force transmitting device

used is a rapid force transmitting device that can drive nails 22, 22' and 22" in

excess of about 45 feet per second. When nails 22, 22' and 22" is driven in
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excess of about 45 feet per second, bottom surface 78 will not need to be

supported. However, if the force transmitting device used drives nails 22, 22'

and 22" at or below about 40 feet per second, bottom surface 78 may require

support. To provide support, air nailer 90 is provided with a C-shaped frame 92

that has a back plate 94 that can be positioned in contact with bottom surface 78

of framing member 14 to prevent and/or minimize movement of framing members

12 and 14 when nail 22, 22', 22" is inserted therethrough. Back plate 94 has an

opening 96 that allows nail 22, 22', 22" to pass therethrough so that back plate

94 does not prevent nail 22, 22', 22" from penetrating through framing members

12 and 14. As will be apparent to one skilled in the art, other types of backing

plates or means of supporting bottom surface 78 of framing member 14 can be

utilized without departing from the scope of the present invention.

[0068] Nail 22, 22', 22" can be made from a variety of materials.

Preferably, nail 22, 22', 22" is made from hardened steel. However, other

materials, such as galvanized coated steel, titanium or other strong material

having similar characteristics to hardened steel that enable nail 22, 22', 22" to

operate as described to fasten framing members 12 and 14 together can be

utilized without departing from the scope of the present invention.

[0069] In accordance with a second aspect of the present invention,

fasteners 20 are self-piercing nails 122, as shown in Figures 12-17. Nail 122 has

a first end 124 and a second end 126. First end 124 has a tip 128 and second

end 126 has a head 130. A stem 132 extends axially between head 130 and tip

128.
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[0070] Stem 132 is generally C-shaped in cross section with a concave

interior surface 134 and an opposite convex exterior surface 136. Interior and

exterior surfaces 134 and 136 are separated by first and second edges 137 and

138. A first set of teeth 140 extend along a portion of first edge 137. A second

set of teeth 142 extend along a portion of second edge 138. First and second

edges 137 and 138 and respective first and second sets of teeth 140 and 142

form first and second ears 144 and 146 on stem 132. First and second ears 144

and 146 are resilient and can be bent or deformed toward one another during

insertion of nail 122 through framing members 12 and 14 and will have a

tendency to return to their normal (unbent or undeformed) state upon passing

through framing members 12 and 14, as will be discussed in more detail below.

Stem 132 reduces in cross-section to a point as it extends toward tip 128. As

can best be seen in Figure 16, a lower portion 147 of exterior surface 136 curves

toward interior surface 134 as stem 132 extends from head 130 toward tip 128.

This curvature of exterior surface 136 facilitates insertion of nail 122 through

framing members 12 and 14, as will be discussed in more detail below. First and

second edges 137 and 138 can be generally parallel and/or coplanar, as shown

in Figure 16. Alternatively, first and second edges 137 and 138 can be angled

relative to one another as shown in Figures 13 and 14. While stem 132 is shown

as being generally C-shaped in cross section, it should be understood that

shapes that provide edges which can have sets of teeth can be utilized and still

be within the scope of the invention. For example stem 132 can be V-shaped or

U-shaped in cross section.
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[0071] Each tooth 148 of first and second sets of teeth 140 and 142

has an axial section 160 and a radial section 162. A leading edge 168 of each

tooth 148 is formed by an intersection of an axial section 160 with a radial section

162. Radial sections 162 of each tooth 148 are generally parallel to head 130.

However, it should be understood that radial sections 162 do not need to be

parallel to head 130 to be within the scope of the present invention.

[0072] As can best be seen in Figure 16, first and second sets of teeth

140 and 142 are staggered so that a radial section 162 of each tooth 148 is a

unique axial distance from head 130. Staggering of teeth 148 of first and second

sets of teeth 140 and 142 essentially doubles the frequency at which a tooth 148

occurs along an axial length of nail 122. Staggering of first and second sets of

teeth 140 and 142 enables nail 122 to fasten together framing members 12 and

14 of varying thicknesses with a minimal pull out distance or "play". In other

words, the staggering of the teeth minimize a difference between a combined

thickness of framing members 12 and 14 and a distance between head 130 and

a tooth 148 that engages with a bottom surface 178 of framing member 14. The

minimized distance minimizes the "play" or pull-out distance and thus provides

more flexibility of nail 122 for use with framing members 12 and 14 of varying

thicknesses.

[0073] Head 130 has opposite top and bottom surfaces 170 and 172

which are generally C-shaped to be complementary to the C-shaped cross

section of stem 132. The bottom surface 172 of head 130 engages with a top

surface 174 of framing member 12 to fasten framing members 12 and 14
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together, as will be described in more detail below. Top surface 170 is adapted

to receive a driving force to cause nail 122 to penetrate through framing

members 12 and 14. Head 130 can be adapted to be driven by various types of

driving tools, as is known in the art. For example, an air nailer or ram-type

device, such as air nailer 90 shown in Figure 38 can be used. Tip 128 has a

point 173 that is configured to pierce framing members 12 and 14 upon

application of a driving force.

[0074] As can be seen in Figure 14, nail 122 is configured to be nested

with a plurality of nails 122. The nesting capability of nail 122 allows a plurality of

nails 122 to be nested together and fed into various types of driving tools which

increase speed and efficiency of fastening framing members 12 and 14 together

with nail 122.

[0075] In operation, tip 128 is positioned adjacent two or more adjacent

framing members, such as framing members 12 and 14. A driving force F is

applied to first end 124 or head 130. Axial force F causes tip 128 to pierce

framing members 12 and 14 and nail 122 to penetrate through framing members

12 and 14. Nail 122 passes through framing members 12 and 14 until bottom

surface 172 of head 130 contacts outer surface 174 of framing member 12. At

least one tooth 148 passes completely through framing members 12 and 14.

The at least one tooth 148 engages a bottom surface 178 of framing member 14.

As nail 122 penetrates and passes through framing members 12 and 14, first and

second ears 144 and 146 will be flexed toward one another due to interaction

with inner surfaces 176. When first and second ears 144 and 146 or portions
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thereof have passed through framing members 12 and 14, they resiliently flex

back to their original state thereby facilitating an engagement between nail 122

and inner surfaces 176. The springing outward of first and second ears 144 and

146 also facilitates engagement of the at least one tooth 148 with the bottom

surface 176 of framing member 14. Engagement of the at least one tooth 148

with bottom surface 178 inhibits removal of nail 122 from framing members 12

and 14. Nail 122 thereby holds framing members 12 and 14 between head 130

and the at least one tooth 148 thereby fastening framing members 12 and 14

together. The curvature of lower portion 147 of exterior surface 136 facilitates

insertion of nail 122 through framing members 12 and 14. Additionally, the C-

shaped cross section of stem 132 also facilitates insertion of nail 122 through

framing members 12 and 14 while allowing a portion of framing members 12 and

14 to resiliently spring into a portion of the interior of stem 132 to help facilitate

engagement of bottom surface 178 of framing member 14 with tooth 148.

Piercing nail 122 thereby provides the required pull out force and sheer force as

was stated above.

[0076] When air nailer 90 and/or a ram-type device is used to fasten

framing member 12 and 14 together with nail 122, depending upon the speed at

which the device can drive nail 122, a support for bottom surface 78 of framing

member 14 may be needed. Preferably, the force transmitting device used is a

rapid force transmitting device that can drive nail 122 in excess of about 45 feet

per second. When nail 122 is driven in excess of about 45 feet per second,

bottom surface 78 will not need to be supported. However, if the force
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transmitting device used drives nail 122 at or below about 40 feet per second,

bottom surface 78 may require support. To provide support, bottom surface 78,

nailer 90 can have a C-shaped frame 92 with back plate 94. Opening 96 in back

plate 94 allows nail 122 to penetrate through framing members 12 and 14 without

interference from back plate 94. However, it should be understood that other

means or methods of supporting bottom surface 178 of framing member 14

during the insertion of nail 122 can be employed without being departing from the

scope of the present invention.

[0077] Nail 122 can be made from a variety of materials. Preferably,

nail 122 is made from hardened steel. However, other materials, such as

galvanized coated steel, titanium or other strong material having similar

characteristics to hardened steel that enable nail 122 to operate as described to

fasten framing members 12 and 14 together can be utilized without departing

from the scope of the present invention.

[0078] In accordance with a third aspect of the present invention,

fasteners 20 are self-piercing nails with a spring member 222, as shown in

Figures 18-29. In a first preferred embodiment, as shown in Figures 19-21, nail

222 has opposite first and second ends 224 and 226. First end 224 has a tip 228

that is configured to pierce and penetrate through framing members 12 and 14.

Second end 226 has a head 230 that is configured to receive a driving force F to

drive nail 222 through framing members 12 and 14. A stem 232 extends axially

between head 230 and tip 228. Two or more spring members 234 extend axially

along a portion of stem 232 between tip 228 and head 230.
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[0079] Each spring member 234 has a plurality of engaging surfaces

236 that are configured to engage with framing members 12 and 14 to inhibit

removal of nail 222 and fasten framing members 12 and 14 together, as will be

described in more detail below. A first end 238 of spring member 234 is attached

to stem 232 adjacent tip 228 by various well known means. A second end 240 of

spring member 234 can be attached to stem 232 proximate head 230, as shown

in Figures 19-21, or, alternatively, can be a free end. Spring members 234 are

made from an elastic or resilient material that allows spring members 234 to be

compressed as nail 222 passes through framing members 12 and 14 and expand

towards their original shape after passing through the framing members, as will

be described in more detail below. For example, spring members 234 can be

made from a metal, such as steel, or made from plastic. Spring members 234

are bowed outwardly from stem 232 to facilitate being compressed when passing

through framing members 12 and 14.

[0080] Referring now to Figures 19-21 , each spring member 234 has a

plurality of engaging surfaces 236 in the form of fingers 242. Each finger 242 is

separated by a slot 244 that allow each finger 242 to flex individually. Each

finger 244 has a free end 246 that can be used to engage with framing members

12 and 14 to inhibit removal of nail 222 from framing members 12 and 14 and

also to fasten framing members 12 and 14 between head 230 and a free end

246, as will be described in more detail below. Each finger 242 extends axially

along spring member 234 from first end 238 a varying length. The varying

lengths of fingers 242 on spring member 234 allows nail 222 to accommodate
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framing members 12 and 14 of varying thicknesses. As can be seen in Figure

19, there are two spring members 234 on opposite sides of stem 232. The

fingers 242 on each spring member 234 are arranged so that the shortest finger

are along different edges of stem 232. Additionally, fingers 242 on one side of

nail 22 are staggered relative to fingers 242 on an opposite side of nail 222 so

that no two fingers 242 extend axially from the first end 238 the same distance.

The staggering of the fingers 242 on the opposite sides of nail 222 also facilitate

the fastening of framing members 12 and 14 of varying thicknesses.

[0081] Head 230 is configured to prevent nail 222 from passing entirely

through framing members 12 and 14. Specifically, head 230 has a bottom

surface 272 that engages with top surface 274 of framing member 12 to prevent

the entire nail 222 from passing through framing members 12 and 14 during the

fastening process. Head 230 has a top surface 270 that is configured to receive

driving force F to cause nail 222 to penetrate through framing members 12 and

14. Head 230 and nail 222 can be adapted to be driven by various types of

driving tools as is known in the art. For example, an air nailer or ram-type

device, such as air nailer 90 shown in Figure 38 can be used in conjunction with

nail 222 to fasten framing members together. Tip 228 has a leading edge 273

that is configured to pierce framing members 12 and 14 upon application of

driving force F.

[0082] In operation, as can be seen in Figures 21 A and 21 B, nail 222 is

positioned with tip 228 adjacent top surface 274 of framing member 12. Axial

force F is applied to head 230 which causes tip 228 to pierce and stem 232 to
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penetrate through framing members 12 and 14. As stem 232 of nail 222 passes

through framing members 12 and 14, inner surfaces 276 of framing members 12

and 14 compress spring members 234 towards stem 232. As individual fingers

242 clear inner surfaces 276 of framing member 14, the fingers 242 expand

outwardly away from stem 232 back to their original state. Axial force F is

continued to be applied to nail 222 until bottom surface 272 of head 230 contacts

top surface 274. As shown, a last finger 242 to pass through framing member

14, will engage with bottom surface 278 of framing member 14 and inhibit

removal of nail 222. Engagement of finger 242 with bottom surface 278 fastens

framing members 12 and 14 between finger 242 and head 230. As shown in

Figure 21 B, the entire spring member 234 does not need to pass all the way

through framing members 12 and 14 for nail 222 to fasten framing members 12

and 14 together due to the varying length of the individual fingers 242 and the

staggering of fingers 242 on opposite sides of stem 232. Thus, nail 222 can be

used to fasten framing members 12 and 14 together of varying thicknesses.

[0083] Referring now to Figures 22-25, a second preferred

embodiment of piercing nail 222' is shown. In this embodiment, second end

240
,

of spring members 234' are free to move relative to stem 232. Engaging

surfaces 236' on spring members 234' are in the form of a plurality of teeth 248.

Teeth 248 are spaced axially along spring members 234' so that teeth occur at

regular intervals. As shown, teeth 248 on spring members 234' on opposite

sides of stem 232 are aligned. However, it should be understood that the

individual teeth 240 on each spring member 236' can be staggered so that no
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two teeth 248 are located a same axial distance from first end 238 of spring

member 234\ Referring now to Figures 23A-C, it can be seen that nail 222' can

have spring members 234' along two sides of stem 232, as shown in Figure 23A,

four spring members 234' located along four surfaces of stem 232, as shown in

Figure 23B, or can be concentric about stem 232 and extend around an entire

periphery of stem 232. When nail 222* has spring members 234' that are

concentric about stem 232, stem 232' is cylindrical.

[0084] In operation, as shown in Figures 24 and 25, driving force F is

applied to head 230 to cause tip 228 to pierce and penetrate through framing

members 12 and 14. As stem 232 passes through framing members 12 and 14,

inner surfaces 276 of framing members 12 and 14 compress spring members

234' toward stem 232. As portions of spring members 234' clear framing

member 14, those portions try to expand away from stem 232 back to an original

shape. As each tooth 248 clears bottom surface 278 of framing member 14, the

tooth inhibits nail 222' from being removed from framing members 12 and 14.

When bottom surface 272 of head 230 is in contact with top surface 274, driving

force F is no longer applied and the last tooth and or teeth to clear bottom

surface 278 of framing member 14 will engage bottom surface 278 and inhibit

removal of nail 222' from framing members 12 and 14. Thus, nail 222' fastens

framing members 12 and 14 together.

[0085] Referring now to Figures 26-29, a third preferred embodiment of

nail 222" is shown. In this embodiment, second end 226" has a ribbed portion

250 that is configured to receive a press washer 252. Press washer 252 is
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configured to be pressed onto second end 226" and engage with ribbed portion

250. Ribbed portion 250 inhibits removal of press washer 252 from stem 232, as

will be described in more detail below. Second ends 240" of spring members

234" are free to move relative to stem 232. In this embodiment, second ends

240" of spring members 234" are the engaging surfaces that will engage with

bottom surface 278 of framing member 14 to fasten framing members 12 and 14

together, as will be described in more detail below. Stem 232 also has a plurality

of fractures 254 spaced axially along a portion of stem 232 proximate second

end 226". Fractures 254 facilitate a controlled breaking off of a portion of stem

232 proximate second end 226" so that stem 232 protrudes a minimal distance

from top surface 274 of framing member 12 when fastening framing members 12

and 14 together, as will be described in more detail below.

[0086] In use, driving force F is applied to second end 226" of piercing

nail 222" to cause tip 228, spring members 234" and a portion of stem 232 to

pass through framing members 12 and 14. Once second ends 240" of spring

members 234" pass completely through framing member 14, driving force F is

removed and press washer 252 is pressed along a portion of stem 232 with

driving force Fw. A reverse driving force F is applied to press washer 252 and/or

stem 232 to pull stem 232 away from framing members 12 and 14, as shown in

Figure 29. The pulling of stem 232 away from framing members 12 and 14

causes second ends 240" of spring members 234" to engage bottom surface 278

of framing member 14 and spread outwardly from stem 232. Once spring

members 234" have been sufficiently spread apart, press washer 252 is moved
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along stem 232 until press washer 252 contacts top surface 274. A portion of

stem 232 proximate second end 226" is then broken off along a fracture 254 so

that the portion of stem 232 extending outwardly from press washer 252 is a

minimal length. Steel framing members 12 and 14 are then securely fastened

between spring members 234 and press washer 252.

[0087] When air nailer 90 and/or a ram-type device is used to fasten

framing members 12 and 14 together with nail 222, 222', 222",depending upon

the speed at which the device can drive nail 222, 222', 222", a support for bottom

surface 78 of framing member 14 may be needed. Preferably, the force

transmitting device used is a rapid force transmitting device that can drive nail

222, 222', 222" in excess of about 45 feet per second. When nail 222, 222', 222"

is driven in excess of about 45 feet per second, bottom surface 78 will not need

to be supported. However, if the force transmitting device used drives nail 222,

222', 222"at or below about 40 feet per second, bottom surface 78 may require

support. To provide support, nailer 90 can be provided with C-shaped frame 92

with back plate 94 that supports bottom surface 278 of framing member 14.

Opening 96 in back plate 94 allows nail 222, 222', 222" to penetrate through

framing members 12 and 14 without interference from back plate 94. However, it

should be understood that other means or methods of supporting bottom surface

278 of framing member 14 during the insertion of nail 222, 222', 222" can be

employed without departing from the scope of the present invention.

[0088] Nail 222, 222', 222" can be made from a variety of materials.

Preferably, nail 222, 222', 222" is made from hardened steel. However, other
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materials, such as galvanized coated steel, titanium or other strong material

having similar characteristics to hardened steel that enable nail 222, 222', 222" to

operate as described to fasten framing members 12 and 14 together can be

utilized without departing from the scope of the present invention.

[0089] In accordance with a forth aspect of the present invention,

fasteners 20 are self-locking nails 322, as shown in Figures 30-38. Nail 322 is

comprised of first and second members 324 and 326 that each have an

elongated portion 328, a flange portion 330, and an angular portion 332 that

extends between elongated portion 328 and flange portion 330. Angular portions

332 extend from elongated portions 328 at an angle such that angular portions

332 are not parallel with elongated portions 328. Preferably, angular portions

332 extend from elongated portions 328 at an angle in the range of about 15 to

60 degrees. Flange portions 330 extend from angular portions 332 at an angle

such that flange portions 330 are not parallel with angular portions 332.

Preferably, flange portions 330 extend at a right angle to angular portions 332.

While specific angles or ranges have been disclosed, it should be understood

that other angles or different ranges can be utilized without departing from the

scope of the present invention.

[0090] Elongated portions 328 of first and second members 324 and

326 are positioned adjacent one another and form a tip 334 that is configured to

pierce framing members 12 and 14. Elongated portions 328 of first and second

members 324 and 326 can be coupled together so that elongated portions 328

remain adjacent while passes through framing members 324 and 326, as will be
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described in more detail below. Elongated portions 328 can be coupled together

in a variety of ways. For example, elongated portions 328 can be coupled

together by a strap 336 and/or one or more spot welds 338. Strap 336 and spot

welds 338 are configured to break and allow elongated portions 328 to separate

from one another during the fastening process, as will be discussed in more

detail below.

[0091] Nail 322 is configured to receive a driving force F to drive nail

322 through framing members 12 and 14. Specifically, driving force F can be

applied to angular portions 332 and/or flange portions 330. As will be apparent

to one skilled in the art, various types of well known devices can be utilized to

apply driving force F to nail 322. For example, an air nailer or ram-type device,

such as air nail 90 shown in Figure 39, can be used to drive nails 322 through

framing members 12 and 14. When using air nailer 90, depending upon the

speed at which the device can drive nail 322, a support for bottom surface 78 of

framing member 14 may be needed. Preferably, the force transmitting device

used is a rapid force transmitting device that can drive nail 322 in excess of

about 45 feet per second. When nail 322 is driven in excess of about 45 feet per

second, bottom surface 78 will not need to be supported. However, if the force

transmitting device used drives nail 322 at or below about 40 feet per second,

bottom surface 74 may require support. To provide support back plate 94 be

positioned on a surface of the framing members opposite nail 322 to limit

movement of and provide support for the framing members during the fastening

process.
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[0092] Elongated portions 328 are resilient or spring like such that

elongated portions 328 can be flexed or bent relative to angular portions 332 and

will exhibit a tendency to return to their normal (unflexed or unbent) state relative

to angular portion 332. The resilient or spring like characteristics of elongated

portions 328 enable elongated portions 328 to engage the framing members 12

and 14 after having passed therethrough to thereby fasten framing members 12

and 14 together, as will be described in more detail below. The junction of

elongated portions 328 and angular portions 332 are semi-rigid so that as

angular portions 332 pass through framing members 12 and 14, elongated

portions 328 separate and strap 336 and/or spot welds 338 break and framing

members 12 and 14 are fastened together by nail 322.

[0093] When fastening framing members together with nail 322, tip 334

is positioned adjacent two or more adjacent steel framing members, such as

framing members 12 and 14. Axial force F is applied to nail 322 which causes tip

334 and elongated portions 328 to penetrate through framing members 12 and

14, as shown in Figures 32-34. When angular portions 332 reach top surface

374 of framing member 12, continued application of driving force F causes

angular portions 332 to move toward one another and elongated portions 328 to

separate from one another due to the rigidity of first and second members 324

and 326 at the transition from elongated portions 328 to angular portions 332. As

elongated portions 328 separate, any straps 336 and/or spot welds 338 coupling

elongated portions 328 together also break. Straps 336 and spot welds 338 are

designed to break in response to a separation of elongated portions 328 without
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impairing the ability of nail 322 to fasten framing members 12 and 14 together.

When flange portions 330 are in contact with top surface 374 of framing member

12, driving force F can be removed and the engagement between elongated

portions 328 and framing members 12 and 14 fastens framing members 12 and

14 between elongated portions 328 and flange portions 330. Nail 322 thereby

fastens framing members 12 and 14 together with sufficient strength to meet the

above stated requirements.

[0094] In a second preferred embodiment, locking nail 322', as shown

in Figures 35-38, includes a driving member 340 that is positioned within a void

341 between adjacent elongated portions 328' and adjacent angular portions

332\ Specifically, in this embodiment elongated portions 328' and angular

portions 332' have inner surfaces 342 that are concave and complementary to a

cylindrical stem 344 of driving member 340. Stem 334 extends between a tip

346 and a head 348 of driving member 340. Tip 346 is configured to penetrate

framing members 12 and 14 to facilitate fastening of framing members 12 and 14

with nail 322\ Head 348 is configured to receive driving force F to cause nail

322' to penetrate through framing members 12 and 14. Again, well known

devices, such as an air nailer or ram-type device can be used apply driving force

F to nail 322'. Elongated portions 328' are coupled to stem 344 of driving

member 340 with spot welds 338' which allow driving member 340 to transmit

driving force F to first and second members 324' and 326'.

[0095] In operation, tip 346 of driving member 340 is positioned

adjacent two or more framing members 12 and 14 and driving force F is applied
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to head 348. Application of driving force F causes nail 322' to penetrate through

framing members 12 and 14. As was stated above with reference to nail 322,

elongated portions 328' separate and flange portions 330' move toward one

another as nail 322' passes through framing members 12 and 14. Spot welds

338' break as angular portions 332' pass through framing members 12 and 14

and elongated portions 328' separate. As shown in Figure 38, when flange

portions 330' are in contact with top surface 374 of framing members 12, head

348 is positioned on flange portions 330' and elongated portions 328' are

engaged with framing members 12 and 14. Nail 322' thereby fastens steel

framing members 12 and 14 together with sufficient strength to meet the above

stated requirements.

[0096] Nail 322, 322' can be made from a variety of materials.

Preferably, nail 322, 322' is made from hardened steel. However, other

materials, such as galvanized coated steel, titanium or other strong material

having similar characteristics to hardened steel that enable nail 322, 322' to

operate as described to fasten framing members 12 and 14 together can be

utilized without departing from the scope of the present invention.

[0097] The description of the invention is merely exemplary in nature

and, thus, variations that do not depart from the gist of the invention are intended

to be within the scope of the invention. Such variations are not to be regarded as

a departure from the spirit and scope of the invention.
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